To evaluate the reliability of the Society for Fetal Urology (SFU) and Onen grading systems for fetal hydronephrosis in prenatal ultrasound according to the level of experience of the examiner.
Introduction
Antenatal hydronephrosis is defined as abnormal renal pelvis dilatation with or without changes in the renal parenchyma, and its prevalence is approximately 1-4% of all pregnancies [1] . As the severity of hydronephrosis measured using ultrasonography became known as an important prognostic factor [2] , the Society for Fetal Urology (SFU) grading system was introduced by the SFU in 1993 [3] . Since then, this system has been most commonly used to determine the severity of fetal and pediatric hydronephrosis. Some studies have shown that the hydronephrosis severity according to the SFU
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Hee Young Cho 1, 2 , Inkyung Jung 3 , Young Han Kim 1 grading system and perinatal outcomes are correlated [4, 5] . Hydronephrosis with low SFU grades usually resolve spontaneously and show good prognosis; however, hydronephrosis with high SFU grades show various features, making prognosis difficult to predict [6] . Furthermore, the SFU grading system differentiates the degree of hydronephrosis according to renal pelvic dilatation, calyceal dilatation, and the presence of cortical thinning, which makes the grading system rather subjective, as follows: grade 0 = no hydronephrosis, grade 1 = only visualized renal pelvis, grade 2 = dilatation of a few but not all calyces, grade 3 = dilatation of virtually all calyces, and grade 4 = calyceal dilatation and parenchymal thinning.
There is no single powerful ultrasound parameter for predicting postnatal renal function [7] ; however, follow-up serial ultrasound examinations are appropriate to easily detect the progression of hydronephrosis.
In neonates, Onen proposed a new grading system in 2006 by modifying the SFU grading system to show the severity better and to make follow-up more practical [8] . The Onen grading system combined SFU grades 1 and 2 into Onen grade 1, and divided SFU grade 4 according to the degree of renal parenchymal loss (less than 50%, Onen grade 3; more than 50%, Onen grade 4). There are important differences between the two grading systems; however, there is only little information about the reliability of these grading systems for prenatal ultrasound. Moreover, both grading systems are subjective and can be influenced by the expertise of the examiner, and they have been little investigated.
Therefore, we conducted this study to evaluate the intraobserver and inter-observer agreement of the SFU and Onen grading systems, and to investigate the agreement of prenatal hydronephrosis diagnosis between the two grading systems according to the level of experience of the examiner.
Materials and methods
The study population consisted of 292 kidneys in 146 fetuses with hydronephrosis diagnosed between March 2005 and December 2013. The institutional review board in Yonsei University Health System approved the study protocol (IRB No. 4-2015-1167 ). This study included pregnant women who underwent prenatal ultrasonography and their neonates who underwent postnatal ultrasonography for evaluating the kidneys. Cases complicated with cystic renal disease, single kidney, duplicated collecting system, or horseshoe kidney were excluded from the study. All pregnant women underwent ultrasonography for the assessment of fetal hydronephrosis in the prenatal period, and all neonates underwent abdominal ultrasonography to evaluate the grade of hydronephrosis after birth. The prenatal ultrasound images were randomly selected including one axial view and one sagittal view, and all images were collected into a file for review. All personal information was eliminated to protect patient confidentiality, and the examiners were blinded to the ultrasound examination reports. One expert (H.Y.C.) with 10 years of experience in prenatal ultrasound and two trainees (M.H.C. and J.H.C.) with less than 1 year of experience participated in the assessments. Before reviewing the images, all examiners were provided with written instruction material about the SFU and Onen grading systems (Fig. 1) . The three examiners independently assessed each ultrasound image with both grading systems and performed reassessment of the same images after 7 to 14 days.
The intra-and inter-observer agreements of the three examiners about the prenatal ultrasound images were evaluated using non-weighted Cohen's kappa and weighted kappa statistics. A kappa value of 0.81 to 0.99 was considered an almost perfect agreement; 0.61 to 0.80, substantial agreement; 0.41 to 0.60, moderate agreement; 0.21 to 0.40, fair agreement; 0.01 to 0.20, slight agreement; and below 0, poor or less than chance agreement [9] . 
Results
The baseline clinical characteristics of the 292 kidneys in the study population are shown in Table 1 . The gestational age at ultrasound was 31.5 gestational weeks (28.0-35.5 weeks), and the amniotic fluid index at measurement was normal (15.5±4.8). At the time of measurement, the median renal pelvis anteroposterior diameter was 1.6 cm (1.1-8.4 cm). According to grading and examiners, we presented the distribution of the number of kidneys to the SFU and Onen grades for each assessment ( Table 2) . Examiners including A, B, and C reviewed the prenatal ultrasound images.
The intra-observer agreements of hydronephrosis for the SFU grading system among the three examiners were in the range of 0.734 to 0.880 and 0.873 to 0.945 for Cohen's kappa and weighted kappa, respectively (Table 3) . The weighted kappa statistics showed almost perfect agreement for the three examiners. The Cohen's kappa values of the Onen grading system were 0.496 to 0.847, and showed moderate to almost perfect agreement. Weighted kappa statistics also showed substantial to almost perfect agreement (0.749-0.913) in the Onen grading system. Cohen's kappa values were calculated to investigate the difference in the SFU and Onen grading systems, and examiner A showed a statistically significant intra-observer agreement (−0.238, 95% confidence interval −0.368 to −0.110).
The inter-observer agreements among the three examiners in both grading systems were evaluated ( Table 4 ). The comparison of expert B and trainee A for SFU grading showed a weighted kappa value of 0.825, an almost perfect agreement. For Onen grading, the weighted kappa value was 0.724, meaning a substantial agreement. For the comparison of expert B and trainee C, both grading systems showed substantial agreement for weighted kappa value (SFU, κ 0.620; Onen, κ 0.618).
However, the inter-observer agreement of trainees and expert was decreased in SFU grades 1 and 3 and Onen grades 
Discussion
To our knowledge, this is the first study to investigate the inter-and intra-observer reliability of the SFU and Onen grading systems for fetal hydronephrosis in prenatal ultrasound images according to the level of experience of the examiner. Our results showed that the intra-observer agreement of the SFU grading system showed almost perfect agreement and that of the Onen grading system showed substantial to almost perfect agreement for the kidneys. The inter-observer agreement of the SFU grading system showed substantial to almost perfect agreement and the Onen grading system showed substantial agreement among the three examiners. In 2008, the reliability of the SFU grading system was investigated. The inter-rater reliability showed fair to substantial agreement and the intra-rater reliability showed substantial to almost perfect agreement for staff and trainees. Moreover, Kim et al. [10] compared the reliability of the SFU and Onen grading systems for pediatric hydronephrosis diagnosed using ultrasonography. The inter-rater agreement was substantial and the intra-rater agreement was substantial to almost perfect in the SFU and Onen grading systems. Both the SFU and Onen grading systems showed good intra-and inter-observer agreements in the diagnosis and follow-up of pediatric hydronephrosis. SFU grading is mainly used for the diagnosis of hydronephrosis in prenatal ultrasonography; however, there has been no study about its reliability. Our study demonstrated that the intra-observer agreement for the diagnosis of hydronephrosis in prenatal ultrasound showed almost perfect agreement in the SFU grading system and substantial to almost perfect agreement in the Onen grading system. The inter-observer agreement of expert B and trainee A showed almost perfect agreement for SFU grading and substantial agreement for Onen grading. For the comparison of expert B and trainee C, the SFU and Onen grading systems both showed substantial agreement. Our results demonstrated that the inter-observer agreement of the SFU grading system was significantly higher than that of the Onen grading system. Further, the inter-observer agreement for SFU grades 1 and 3 and Onen grades 2 and 3 were lower than for other grades. The reasons for these results are as follows. First, as SFU grading is mainly used in prenatal ultrasonography, the examiners may be more familiar with this system. Second, grades 2 and 3 in the Onen grading system may be difficult to distinguish between cases with dilatation of all calyces and half or less parenchymal loss. In 2013, Kim et al. [10] reported the reliability of the SFU and Onen grading systems for pediatric patients with hydronephrosis. This study showed good intra-and inter-observer agreement but relatively lower inter-observer agreement in SFU grades 1 and 2 and Onen grades 2 and 3. This result indicates that beginners may have difficulty in discriminating between renal pelvis dilatation only (SFU grade 1) and visualized renal pelvis with dilatation of a few calyces (SFU grade 2). However, our results showed lower inter-observer agreement in SFU grades 1 and 3. The reason for this discrepancy is unclear, although it could be because our study focused on prenatal ultrasound results Hee Young Cho, et al. Grading systems in fetal hydronephrosis and the previous study investigated postnatal ultrasound images. In practice, prenatal ultrasound grading of fetal hydronephrosis could affect the antenatal consultation about prognosis and could provide important information for the evaluation and management in the postnatal period. Therefore, accurate prenatal grading of fetal hydronephrosis is crucial, and this study might contribute to determining the grade of hydronephrosis. Further, as our study specifically addressed the difficulties that trainees experience in diagnosing the grade of hydronephrosis in prenatal ultrasound, effective training could be implemented based on the results of this study.
This study has some limitations. First, a randomized clinical trial is ideal but this was a retrospective study; therefore, there might have been selection bias in patients and examiner bias. Second, as we investigated reliability among only three examiners, the results of this study could be limited. Reliability needs to be evaluated with more examiners having diverse levels of experience. Third, we did not investigate which grading system is more correlated with the prognosis of neonatal hydronephrosis. At our institution, SFU grading is mainly used in prenatal ultrasound and Onen grading in postnatal ultrasound. Onen [11] reported that the Onen grading system has advantages for the follow-up of hydronephrosis and for determining the timing of surgical intervention in neonates; however, the Onen grading system has not been evaluated for hydronephrosis diagnosed using prenatal ultrasonography.
We conclude that both the SFU and Onen grading systems showed good intra-observer agreement in hydronephrosis evaluation. The inter-observer agreement was lower in SFU grades 1 and 3 and Onen grades 2 and 3, and more focus should be given to SFU grades 1 and 3 and Onen grades 2 and 3 for trainees. Further studies are necessary to determine which grading system is more relevant to the postnatal prognosis of fetal hydronephrosis.
